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Abstract

Several studies indicate that oxytocin and vasopressin receptors in the human uterus are heterogeneous. We have investigated whether
oxytocin and vasopressin bind to separate receptors in the day 21 and day 22 pregnant rat uterus and whether uterine vasopressin
receptors are the same as the vascular V,, subtype. In isolated organ bath experiments we showed that the potency of
d(CH,),[Tyr(Me)* ]Jvasopressin to inhibit vasopressin contraction in rat aorta was different from that in the day 21 pregnant uterus.
Saturation curves of [*Hlvasopressin in membranes from cultured aortic myocytes and pregnant uterus were linear and yielded the same 1
nM K, values. However, the potency of d(CH,)s[Tyr(Me)?]vasopressin and of [Thr*,Gly’Joxytocin at antagonizing [*H]vasopressin
confirmed the differences between the vascular smooth muscle and uterine vasopressin receptor. The peptides had respectively higher and
lower affinity for aortic cell sites than for uterine sites. It was more difficult to distinguish pharmacological differences for oxytocin and
vasopressin receptors in the uterus. On day 22, the high affinity of [Thr*,Gly”Joxytocin and oxytocin for both [*Hloxytocin and
[*Hlvasopressin binding sites was consistent with the notion that the uterus expresses essentially oxytocin receptors at this stage of
gestation. However, oxytocin, vasopressin and three analogs showed a different potency for inhibiting [*Hloxytocin and [*H]vasopressin
binding on day 21 versus day 22 of gestation. We conclude that in the rat uterus vasopressin binds to a receptor that is different from the
vascular V,, subtype. Also, the binding sites for [*Hlvasopressin and [*HJoxytocin on day 21 uterus membranes do not resemble the
classical oxytocin receptor as described in the literature, suggesting that on day 21 vasopressin and oxytocin bind in the uterus to a
receptor that might be different from those currently characterized.
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1. Introduction tained with specific oxytocin receptor antagonists (Aker-
lund et al, 1987). However, another neurohypophysial
nonapeptide, vasopressin, which differs from oxytocin by
only two amino acids, also has significant uterotonic activ-

Just before parturition, the uterus changes from a
hypocontractile state to a hypercontractile state, allowing

the expulsion of the fetus. The neurohypophysial nonapep- ity (Maggi et al., 1988; Chan et al., 1990). To date, several
tide oxytocin is probably involved in this expression of authors have reported the presence of separate oxytocin
uterine activity. Uterine sensitivity to oxytocin (Caldeyro- receptors and V, ,-like vasopressin receptors in the human
Barcia and Sereno, 1959) and oxytocin binding site num- and rabbit uterus (Guillon et al., 1987; Ivanisevic et al.,
ber (Alexandrova and Soloff, 1980a,b; Maggi et al., 1990; 1989; Maggi et al., 1988, 1990; Tence et al., 1990). The

Tence et al., 1990) increase at the time of parturition. An

uterine vasopressin receptor seems to be expressed essen-
inhibition of uterine contractions during labor can be ob-

tially in the pregnant uterus before the onset of parturition.
However, whether these vasopressin receptors really are of
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macological and binding properties of vasopressin recep-
tors expressed in the rat uterus and compared them with
those of the vascular V,, receptor type and those of the
uterine oxytocin receptor type.

2. Materials and methods
2.1. Animals

Pregnant (day 1= sperm positive) Wistar rats were
purchased from C.E.R.J., France, and caged in groups of
four at 22°C under a 14 h light/10 h dark cycle. They
were killed at 9:00 a.m. on either day 21 (non-parturient,
group D21) or day 22 (parturient, group D22) of gestation.

2.2. Chemicals

Vasopressin, oxytocin and [Thr* Gly’Joxytocin were
purchased from Neosystem (Strasbourg, France).
d(CH,)4[Tyr(Me)*lvasopressin: [1-(B-mercapto-B,B3-
cyclopentamethylene propionyl)-2-O-methyltyrosine-8-
argininel]vasopressin and d(CH,);[Tyr(Me)? Jornithine va-
sotocin: [1-(B-mercapto-B,B-cyclopentamethylene propi-
onyl)-2-O-methyltyrosine-8-ornithine]vasotocin were a gift
from M. Manning (Toledo, USA). [*H]vasopressin (64.8
Ci/mmol) and [*Hloxytocin (36.6 Ci/mmol) were pur-
chased from N.E.N. DuPont de Nemours, France. All the
other chemicals were of the highest grade available from
Sigma, Merck and Prolabo.

2.3. Concentration-response curves of isolated uterus and
aorta in organ baths.

Rats were killed by cervical dislocation at 9:00 a.m.
after light anesthesia with diethyl ether. Uterine horns were
dissected out and the fetuses discarded. Circularly oriented
strips (= 25 mg/strip) were isolated from each horn and
mounted in organ baths (10 ml volume) to be processed in
groups of eight. Circular strips from the same animal were
processed in parallel in a given experiment and equili-
brated in a gassed (95% 0,-5% CO,) physiological salt
solution at 32°C composed of (mM): glucose, 2.8; KCl,
6.2; NaCl, 144; CaCl,, 2.5; MgSO,, 0.5; NaH,PO,, I;
NaHCO;, 30; pH 7.4.

Thoracic aorta were taken from D21-pregnant rats. They
were dissected and 8 rings (= 10 mg/ ring) were cut out,
placed in an organ bath and equilibrated in a gassed
solution (95% 0,-5% CO,) at 32°C containing (mM):
glucose, 11; KCl, 4.7; NaCl, 118; CaCl,, 2.5; MgSO,, 1.2;
KH,PO,, 1.2; NaHCO,, 25; pH 7.4. The responses of
rings were recorded in the presence of indomethacin,
N®-nitro-L-arginine, phentolamine, propranolol and at-
ropine, all at a concentration of 10 WM. The preparations
were allowed to equilibrate for 1-2 h under a resting
tension of 0.5 g for uterus or 1 g for aorta.

The contractile effects in aortic and myometrial strip
preparations were recorded by computerized calculation of
the integral under the tension-time curve for 2 min after
the antagonist was added, as described by El Alj et al.
(1993). Responses to cumulative doses of vasopressin were
recorded in the absence (control) or in the presence (prein-
cubation of 20 min) of two antagonists, d(CH,),-
[Tyr(Me)*]vasopressin and d(CH,)[Tyr(Me)? Jornithine
vasotocin. Curves were fitted (GraphPad Software, San
Diego, USA) using the logistic equation E, =(E,_, X
C"/[C"+ECY D + E,, where E, is the response; C, the
agonist concentration; E;, the baseline activity; E_, , the
maximal response; ECs,, the agonist concentration result-
ing in a response corresponding to E, . /2 and n, the
slope (pseudo-Hill coefficient). We consistently found that
calculated values of n were without any significant varia-
tion within samples from the various tissue groups (results
not given). pKy;= —log Ky=1log (A/A—1)—log B
was calculated according to Arunlakshana and Schild
(1959). Ky is the dissociation constant of the antagonist
and the agonist dose-ratio A'/A was determined only in
the presence (1 nM or 100 nM) and absence of the
antagonist B. Hence, the slope of the Schild plot was not
determined. Quantitative values were compared using Stu-
dent’s unpaired r-test. Significance was set at P < 0.05.

2.4. Vascular smooth muscle cell culture

Aortic smooth muscle cells were obtained by the ex-
plantation method of Ito et al. (1994). Confluent monolay-
ers with a cell density of 150000 cells /Petri dish were
obtained after 3 weeks. Cultured cells were passaged by
harvesting with trypsin (0.05%) + EDTA (0.02%) and
seeded in Dulbecco’s minimum essential medium (Gibco)
containing 10% fetal calf serum. The medium was changed
every 3 days. After five passages the cells were used for
preparation of membrane fractions. Prior to their use, cells
were incubated for 72 h in Dulbecco’s minimum essential
medium without fetal calf serum and phenol red but with
ascorbic acid (0.2 mM), transferrin (5 pwg/ml) and glu-
tamine (2 mM).

2.5. Membrane preparations

2.5.1. Pregnant rat uterus

Membranes were prepared as described by Elands et al.
(1988). They were purified by sucrose gradient centrifuga-
tton at 100000 X g for 2 h. The fraction sedimenting
between 10% sucrose-1 mM EDTA and 35% sucrose-1
mM EDTA was isolated and resuspended in 50 mM
Tris-HCI, pH 7.4, 10 mM MgCl, and centrifuged at
100000 X g for 20 min. The pellet was resuspended in the
same buffer and frozen at a protein concentration of 1
mg/ml at — 80°C until used.
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2.5.2. Aorta myocytes

Confluent cultured cells were recovered by scraping off
the Petri dish into 15 mM Tris-HCl, pH 7.4, 0.3 mM
EDTA, 2 mM MgCl,. Cells were then homogenized with
a polytron and centrifuged at 50000 X g for 20 min. The
pellet was washed and centrifuged twice at 50000 X g for
20 min in 50 mM Tris-HCI, pH 7.4, 10 mM MgCl,. The
pellet was resuspended in the same buffer at a protein
concentration of 5 mg/ml and frozen at — 80°C until used.

Protein concentration was estimated according to Brad-
ford (1976).

2.6. Binding assays

Experiments were performed in duplicate on at least
two different pools of membranes. For each experiment,
the linearity of specific binding with protein concentrations
was verified. Saturation analysis with [*H]vasopressin was
performed in membranes from aorta myocytes (60 pg) and
D22 uterus (30 wg). Saturation analysis was also per-
formed with [*Hloxytocin in D22 uterus (30 wg). The
assay used various concentrations (from 0.05 to 25 nM) of
[*HJoxytocin or [*H}vasopressin. Non-specific binding was
determined in the presence of the corresponding unlabelled
peptide (10 wM). Binding reactions were carried out at
25°C for 90 min in a total volume of 200 pl of 100 mM
Tris-HC1 (pH 7.4), 10 mM MgCl, and 2 mg/ml BSA.
Incubation was started by the addition of membranes and
terminated by filtration (Whatman GF /C filter). The satu-
ration parameters were estimated by Scatchard analysis
using Ebda-Ligand software (Elsevier-Biosoft, Cambridge,
UK). Self- and cross-displacements between [*HJoxytocin
or [*H]vasopressin (0.5 nM) and various analogs (I pM to
1 wM) with differing affinities for neurohypophysial hor-
mone receptors (oxytocin, vasopressin, [Thr*,Gly’ Joxyto-
cin, d(CH,)[Tyr{Me)*]vasopressin and d(CH,)[Tyr-
(Me)?Jornithine vasotocin) were performed in the same
incubation buffer as described above. Non-specific binding
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Fig. 1. Vasopressin contractile response as percent of maximum response
for rat thoracic aorta (A) and uterus (B) isolated from day 21 pregnant
rats. Responses obtained in the absence (M) or presence of
d(CH, );[Tyr{Me)* Jornithine vasotocin (@) (100 nM) or d(CH,),-
[Tyr(Me)? Jvasopressin (O, 1 nM in A, 100 oM in B). Curves are

theoretical curves calculated from the average computed parameters listed
in Table 1.

was determined in the presence of the corresponding unla-
belled ligand (10 wM). Membranes from aorta, D21 uterus
and D22 uterus were used at concentrations of 40 g, 40
wg and 30 pg respectively. Ebda-Ligand software was
used for a simultaneous analysis of families of self- and
cross-competition curves and calculation of K;’s for com-
peting ligands. Selection of the best model involving one
or two independent classes of sites and significance of
differences for parameter values were based on a F-test
according to Munson and Rodbard (1980). K, values were

Contractile responses to vasopressin of rat aorta rings and of circularly oriented strips taken from day 21 pregnant rat uterus

Agonist Vasopressin

Antagonist Control d(CH,);[Tyr(Me)?JAVP d(CH, )s[Tyr(Me)*1OVT
Concentration None | nM 100 nM
Aorta

E . (mg/2 min) 3673 +40 ¢ 2466 + 16 ° 3769 + 23 °
—log ECy, 8.52 £ 0.07 6.67 £ 0.01 7.04 + 0.01

n 6) 6) 6)
Concentration None 100 nM 100 nM

D21 uterus

Epay (mg/2 min) 1126 + 254 © 938 4 179 ¢ 1130 + 389 ¢
—log ECy, 7.28 +0.15 6.27 £ 0.27 6.31 +£0.23
n 3) 6) 6)

Responses were studied in the absence and presence of d(CH,)s[Tyr(Me)’ lvasopressin or d(CH,)s[Tyr(Me)*Jornithine vasotocin. Data are means
(£ S.EM.) of the average value for 4 strips; n. number of animals. a versus b, P < 0.05. ¢ versus d, P> 0.05.
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compared using Student’s unpaired #-test after log transfor-
mation of values to ensure homogeneity of variances.
Significance was set at P < 0.05.

3. Results

3.1. Contractile response to vasopressin in aorta and
uterine strips

Fig. 1 and Table | compare the contractile response
curves to vasopressin in aorta and in D21-pregnant uterus
in the absence and presence of two related antagonists.
When added alone, each antagonist displayed no effect on
aortic or uterine contraction up to the 1 wM concentration.
In aorta, d(CH, ){[Tyr(Me)? Jvasopressin very potently an-
tagonized the effect of vasopressin. At the low 1 nM
concentration it depressed the amplitude of £ ,, by 1/3
and also provoked a 70-fold shift of the curve to the right
(apparent pK = 10.84). Conversely, d(CH,),[Tyr(Me)*]-
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Fig. 2. Equilibrium binding of [*H]vasopressin (A and B) and
[*HJoxytocin (C) to membranes prepared from cultured aortic myocytes
(A) and from day 22 pregnant uterus (B and C). The values illustrated in
each graph are from one experiment.
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Fig. 3. Families of self- and cross-displacement curves between
[*H]vasopressin and vasopressin (0O ), oxytocin (M), [Thr*,Gly’ Joxytocin
(@), d(CH,):[Tyr(Me)]vasopressin (O) and d(CH, )[Tyr(Me)*]-
ornithine vasotocin ( A ). Membranes prepared from cultured aortic my-
ocytes (A), day 21 pregnant uterus (B) and day 22 pregnant uterus (C).
Membranes incubated in the presence of a fixed (0.5 nM) concentration
of tracer and increasing concentrations of unlabelled peptides (1 pM to |
M), Ordinate: percentage of specific binding; abscissa: log molar con-
centration of unlabelled ligands. Curves redrawn from curves generated
by the Ebda-Ligand program.

ornithine vasotocin had no effect on E ,, and was much
less potent than d(CH,);[Tyr(Me)*Ivasopressin at inhibit-
ing the vasopressin response. At 1 nM d(CH,) [Tyr-
(Me)? Jornithine vasotocin there was no right-shift of the
vasopressin curve (data not shown) while 100 nM pro-
voked a 30-fold right-shift of the vasopressin curve (pKp
=8.47).

In the non-parturient uterus on D21 of gestation,
d(CH,){[Tyr(Me)* Ivasopressin and d(CH,);[Tyr{Me)*]-
ornithine vasotocin at 1 nM concentration had no statisti-
cally significant effect on E,_,, and they did not inhibit
vasopressin response (data not shown). At 100 nM, they
still had no effect on E,_,, but they inhibited vasopressin-
induced contractile responses in a similar manner (pK =
7.97).
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Thus, in aorta and D21-pregnant uterus the potency of
the two antagonists was very different. Moreover, it is
noteworthy that vasopressin was more potent and induced
a very large contraction in aorta which was 3-fold greater
than in D21 uterus, for strips of equivalent wet weight.

3.2. Binding studies

[*H]Vasopressin bound with high affinity to a single
population of sites in membrane preparations from aortic
myocytes and parturient D22 uterus, as determined by
Scatchard analysis of equilibrium saturation binding (K
=263+166 nM and K,=1.72+0.39 nM, respec-
tively, n = 3) (Fig. 2A,B). In D22 uterus, the affinity for
[*Hloxytocin was in the same range (K,=1.21 +0.34
nM, n = 3) but the maximum binding density was consid-
erably higher for [*Hloxytocin (B,, = 850 £ 175
fmol /mg protein) than for [*H]vasopressin ( B,,, = 500 +
88 fmol/mg protein) at the same stage of gestation (Fig.
20).

Fig. 3A-C illustrates in membranes from aortic my-
ocytes and from D21 and D22 uterus the result of simulta-
neous analysis of self- and cross-inhibition curves for five
unlabelled peptides competing with [*H]vasopressin bind-
ing. In all cases, the model that best fitted the raw data
involved only one independent class of sites. In aorta
membranes, [*Hlvasopressin was hardly displaced by
[Thr*,Gly” Joxytocin (K, > 1000 nM) whereas vasopressin
and d(CH,){[Tyr(Me)?]vasopressin had the same high
affinity (K, =0.2-0.7 nM). Oxytocin and d(CH,)s-
[Tyr(Me)? Jornithine vasotocin ( K; = 27-37 nM) had inter-
mediate affinity situated between these two extreme limits.
In contrast, in D2I1-uterus membranes, vasopressin and
oxytocin (K; = 1 nM) showed no distinguishing selectivity
for inhibiting the binding of [*Hlvasopressin; d(CH,),-
[Tyr{Me)? Jornithine vasotocin (K, = 20 nM) had the same
affinity as in aorta, d(CH,);[Tyr(Me)* Ivasopressin (K, =
18 nM) had less affinity than in aorta, and
[Thr*,Gly Joxytocin (K, =2 nM) exhibited a dramatic
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Fig. 4. Families of self- and cross-displacement curves between
[*Hloxytocin and vasopressin {(J), oxytocin (M), [Thr*,Gly’ Joxytocin
(@), d(CH,){[Tyr(Me)* lvasopressin (O) and d(CH,)s[Tyr(Me)*]-
ornithine vasotocin (a). Membranes prepared from day 21 pregnant
uterus (A) and day 22 pregnant uterus (B). Membranes incubated in the
presence of a fixed (0.5 nM) concentration of tracer and increasing
concentrations of unlabelled peptides (1 pM to | wM). Ordinate: percent-
age of specific binding; abscissa: log molar concentration of uniabelled
ligands. Curves redrawn from curves generated by the Ebda-Ligand
program.

increase in affinity compared to that in aorta. Finally, in
D22 uterus membranes, the affinities for oxytocin and
vasopressin were almost the same as those measured in
D21 uterus ( K, = 0.4-0.8 nM). However, the affinities for
[Thr*,Gly loxytocin, d(CH,),[Tyr(Me)" Jornithine vaso-
tocin and d(CH, )s[Tyr(Me)* lvasopressin ( K, = 0.3-2 nM)
were increased as compared to those in D21 uterus (Table
2).

Competition of oxytocin, vasopressin and their analogs for [*H]vasopressin binding sites in membranes prepared from cultured aortic myocytes and from

day 21 and day 22 pregnant rat uterus

Competing ligand K; (nM)

[*H]Vasopressin

Aorta D21 uterus D22 uterus
Oxytocin 27+322¢ 0.88+020" 0.4140.11°
[Thr*.Gly Joxytocin > 1000 * 1744039 " 027 +£0.02 ¢
d(CH,)s[Tyr(Me)* Jornithine vasotocin 37 £16.09 20 +440° 1.94 £ 081"
Vasopressin 0.69 £ 0.57 * 078 £0.19 * 081 £0.68 ¢
d(CH,)5[Tyr(Me)* Jvasopressin 0.15+0.05% 18.30 +4.99 ° 230+ 063 ¢

Competition binding experiments were carried out with 0.5 nM Jlabelled ligand as described in Material and methods. K, values for competing ligands
were generated by the Ebda-Ligand program for each series of experiments. Values are the means (+ S.E.M.) of three independent determinations analyzed

abe

in duplicate with the Ebda-Ligand program.

Different superscripts in the same row indicate significant differences between values.
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Table 3

Competition of oxytocin, vasopressin and their analogs for [3H]oxytocin
binding sites in membranes prepared from day 21 and from day 22
pregnant rat uterus

Competing ligand K, (M)

[*H]Oxytocin

D21 uterus D22 uterus
Oxytocin 409+£1.08¢ 086+050°"
[Thr*Gly " Joxytocin 1.58+0.14* 0.34+0.18°
d(CH, )s[Tyr(Me)* Jornithine vasotocin  2.55+0.47* 1.73+0.57 ¢
Vasopressin 0.54+0.16* 4.63+089"
d(CH, ){[Tyr{Me)* vasopressin 9.95+2.01* 9.72+523°

Competition binding experiments were carried out with 0.5 nM labelled
ligand as described in Material and methods. K,; values for competing
ligands were generated by the Ebda-Ligand program for each series of
experiments. Values are the means (+S.EM.) of three independent
determinations analyzed in duplicate with the Ebda-Ligand program.
“PDifferent superscripts in the same row indicate significant differences
between values.

Fig. 4A,B shows the result of simultaneous analysis of
self- and cross-inhibition curves for the same previous five
unlabelled peptides used to inhibit [*HJoxytocin binding in
D21- and D22-uterus membranes. The model that best
fitted the raw data, as for [*H]vasopressin competition,
involved only one independent class of sites. Clearly, on
D21, the affinitiy of vasopressin ( K, = 0.5 nM) was higher
than that of the four other peptides (K, =2-10 nM).
Inversely, on D22, the affinities of vasopressin (Ki =5
nM) and d(CH,),[Tyr(Me)*]vasopressin (K, =10 nM)
were significantly lower than those of the other peptides
(K, =0.3-2 nM). d(CH,)[Tyr(Me)*]vasopressin had the
same affinity on D22 as on D21 uterus (Table 3).

The relative potencies of the different ligands, measured
on D21 or D22 uterus membrane, for [*Hloxytocin and

A. Anouar et al. / European Journal of Pharmacology 308 (1996) 8796

[? Hlvasopressin are compared in Fig. 5. The abscissa
displays the log of K, values of competing ligands for
[*Hloxytocin binding and the ordinate indicates the log of
K, values of competing ligands for [*H]vasopressin bind-
ing. Both hormones and analogs had a potency ratio of less
than 10, however the distribution of potency ratios was
different for D21 uterus membranes compared to that for
D22 uterus membranes.

4. Discussion

Several lines of evidence have raised the question of a
possible heterogeneity of oxytocin receptors in the uterus.
Saturation (Pliska et al., 1986) and competition studies
with tritiated oxytocin, vasopressin or lysine-vasopressin
(Guillon et al., 1987; Maggi et al., 1988, 1990; Tence et
al,, 1990) have revealed the presence of at least two
categories of sites linking oxytocin and vasopressin (or
lysine-vasopressin) that have been named oxytocin and V,
receptors, respectively. Also, the pharmacological response
to oxytocin dramatically increases at parturition and this
appears to occur mainly in the circular layer of the rat
myometrium (Fuchs et al., 1983; Crankshaw, 1987;
Garfield and Beier, 1989; El Alj et al., 1993). The princi-
pal questions addressed in this paper were whether oxy-
tocin and vasopressin bind to separate oxytocin and vaso-
pressin receptors in the uterus and whether uterine vaso-
pressin receptors are the same as the vascular V,, receptor
subtype. Because the pharmacological receptor subtype
definition is closely dependent on the animal species (Hall
et al., 1993), we directly compared our rat myometrium
data with our findings in aorta of the same species.

We first examined whether the vasopressin-induced
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Fig. 5. Graphical representation of the selectivity of several peptides for the binding of [*H]oxytocin and [*H]vasopressin to membranes prepared from day
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were calculated by the Ebda-Ligand program and are given in Tables 2 and 3. The doted line indicates equipotency of competing ligand for inhibiting
[*Hloxytocin and [*Hlvasopressin binding. [Thr®,Gly’]OT. [Thr*,Gly’Joxytocin; d(CH,)[Tyr(Me)?JAVP, d(CH,)s[Tyr(Me)®Ivasopressin;

d(CH, )‘;[Tyr(Me)2 JOVT, d(CH, )[Tyr{Me)? Jornithine vasotocin.
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contractile response of circular muscle was mediated in the
D21-pregnant uterus by vasopressin receptors that are the
same as those present in aortic vascular smooth muscle.
Comparison of the displacement of the vasopressin re-
sponse in aorta and in D21 uterus by vasopressin antago-
nists d(CH,)[Tyr(Me)*lvasopressin and d(CH,)[Tyr-
(Me)?Jornithine vasotocin demonstrated that vasopressin
receptors were different in the two tissues. d(CH,)5-
[Tyr(Me)?]ornithine vasotocin had no clearly different se-
lectivity for aortic or uterine vasopressin receptors, but
d(CH,)s[Tyr(Me)? vasopressin at a low concentration of 1
nM was very efficient at antagonizing vasopressin in aorta
whereas it had no effect at the same concentration in the
D21 uterus. It is noticeable that under our experimental
conditions d(CH, )s[Tyr(Me)*]vasopressin showed an ap-
parent non-competitive effect in aorta, as demonstrated by
its effect on E_,, decrease. It is difficult to explain this
effect on E_,, in aorta because our binding study demon-
strated a competitive inhibition of [*H]vasopressin binding
by d(CH,),[Tyr(Me)*]vasopressin on membranes from
cultured aortic myocytes (see below). Because we did not
scrape off the aorta endothelium we may hypothesize that
the decrease in E,_,, was related to the influence of
secondarily activated relaxing factors that were released
from the endothelium following vasopressin +

d(CH,)s[Tyr(Me)*lvasopressin exposure. It is possible that
these were not entirely controlled in our experiments al-
though we strove to eliminate them by preincubating the
aorta with indomethacin and N“-nitro-L-arginine. It is
known for example that the release of endothelium-depen-
dent relaxing factors can be activated in aorta by analogs
of vasopressin (Yamada et al., 1993) and we did observe a
relaxation in intact aorta stimulated by vasopressin in the
absence of indomethacin and N “-nitro-L-arginine (unpub-
lished data). In any case, from our results it is unlikely that
receptors inducing a tonic response to vasopressin in the
D21 uterus are of the V,,-subtype. Only a high concentra-
tion of d(CH,)[Tyr(Me)’vasopressin was effective in
inhibiting the vasopressin response in the D21 pregnant
uterus. This effect was hence different from that seen in
aorta. This is in agreement with the results of Chan et al.
(1990) who compared in vivo the antioxytocic:anti-
vasopressor ratios of several peptidic oxytocin receptor
antagonists and found that each peptide exhibited a differ-
ent potency ratio ranging from high to low values (0.9-0.1).
These authors concluded from the lack of unity in the
potency ratios among these oxytocin receptor antagonists
that the myometrial receptors, although having somewhat
vasopressor-like profiles, were not the same as the V,,
receptors found in vascular smooth muscle tissue.

Binding experiments were carried out on the whole
uterus and aortic myocytes. We confirmed the presence of
saturable high affinity binding sites for [*H]vasopressin
and [*Hloxytocin in these tissues. We found that Scatchard
plots were essentially linear for both ligands in aortic
myocytes and pregnant uterus. K, values were in close

agreement with those reported by others in the same
tissues (Fuchs et al., 1983; Chan et al., 1990; Pettibone et
al., 1992; Serradeil-Le Gal et al., 1995). However, satura-
tion curves failed to distinguish between vasopressin and
oxytocin binding sites because the two ligands have the
same affinity.

Competition curves of [*H]vasopressin with unlabelled
oxytocin, vasopressin and three of their synthetic analogs
were further compared in membranes from aortic myo-
cytes in culture and from the pregnant uterus. Essentially,
the potency of d(CH,),[Tyr(Me)’lvasopressin and
[Thr*,Gly " Joxytocin at antagonizing [*H]vasopressin bind-
ing confirmed the differences between vascular smooth
muscle and uterine vasopressin receptors. d(CH,)s-
[Tyr(Me)? Jvasopressin had higher affinity for vascular
smooth muscle cell sites than for D21 or D22 uterine sites.
Interestingly, the apparent pKy (10.84) calculated for
d(CH,)[Tyr(Me)* lvasopressin in aorta was close to the
pK, (9.82) value found in aortic myocytes. Likewise, the
peptide exhibited lower pK (7.97) and pK, (7.74) values
when measured in D21 uterus. This confirmed our findings
observed in functional studies. These results are also in
accordance with the 1:100 effective antagonistic antioxy-
tocic : antivasopressor dose-ratio reported in vivo for
d(CH,),[Tyr(Me)* Jvasopressin by Manning and Sawyer
(1984). On the contrary, we found that d(CH,)[Tyr-
(Me)’ Jornithine vasotocin had no selectivity for vascular
and uterine vasopressin receptors. This is a direct confir-
mation of the equivalent potencies of the latter peptide for
its in vivo antioxytocic and antivasopressor properties as
reported by Manning and Sawyer (1989). The potent oxy-
tocic peptide [Thr*,Gly” Joxytocin (Lowbridge et al., 1977)
was the next compound that best discriminated between
vasopressin receptors in aortic myocyte membranes and
uterus membranes. In aortic myocytes, the K; for
[Thr4,Gly7]oxytocin was similar to that found in other
tissues expressing the V,, receptor subtype (Kiraly et al.,
1986). In D22 uterus, the K, for this analog was the same
as that found for the oxytocin receptor subtype by Elands
et al. (1988). The intermediate K, value that we found for
[Thr*,Gly’Joxytocin in D21 uterus could therefore tenta-
tively be explained by the binding of this analog to the V|,
receptor and oxytocin receptor subtypes expressed at the
same time in this tissue. However, if this was true, the
siope of the competition curve should have been very low,
such as that found in hippocampal membranes for
OH[Thr*,Gly’ Joxytocin, a [Thr*,Gly’Joxytocin analog, by
Audigier and Barberis (1985). Because this was not the
case in our current study, we have to conclude that the
vasopressin receptor we identified in our contractility and
binding studies on the uterus was different from the classi-
cal V|, receptor of vascular tissue.

It was more difficult to distinguish specific pharmaco-
logical differences between oxytocin and vasopressin re-
ceptors in the uterus. As reported by Chan et al. (1990), we
found on D22 of gestation that the difference in B,
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values between [*HJoxytocin and [*H]vasopressin binding
was high, 850 fmol/mg versus 500 fmol /mg respectively,
suggesting that there were two different binding sites.
Chan et al. (1990) also reported that the affinity and
maximum binding value for [3H]vasopressin in the rat
uterus was the same on D21 and D22 of gestation suggest-
ing that what happens on D22 is probably the appearance
of a new population of oxytocin receptors. From this, one
may expect a good level of vasopressin receptors in the rat
uterus on D21 and a good level of oxytocin receptors on
D22 of gestation. Therefore we checked whether the pep-
tides we used had a different selectivity for the binding of
[*Hloxytocin and [*H]vasopressin to uterine membranes
on either D21 or D22 of gestation. In fact, the five
peptides showed different potency ratios for [*HJoxytocin
and [*H]vasopressin suggesting that different receptors
were expressed in the uterus at these two stages of gesta-
tion. However these differences were limited, precluding
the possibility of unambiguously distinguishing two cate-
gories of receptors. On D22, the high affinity of
[Thr*,Gly’Joxytocin and oxytocin for both [*H]oxytocin
and [*Hlvasopressin binding sites was consistent with the
notion that the uterus expresses essentially oxytocin recep-
tors at this stage of gestation. Nevertheless, it has been
shown that oxytocin receptors can be regulated by gua-
nine-nucleotide-binding proteins (Marc et al., 1988), and a
possibility could be that the limited differences we ob-
served between D21 uterus and D22 uterus for the affini-
ties of oxytocin and analogs might represent in fact low
and high affinity states of one single oxytocin receptor. It
has been shown on cultured astroglial cells that oxytocin
receptors, like a number of other receptors, can have two
interconvertible states of high and low affinity, in which
the high affinity state is stabilized by the interaction with a
guanine nucleotide regulatory protein to form a ligand-G-
protein ternary complex (Di Scala-Guenot and Strosser,
1992). Nervertheless, two points argue against this inter-
pretation in the uterus. On the one hand, Crankshaw et al.
(1990) reported that the affinities of the two oxytocin sites
they identified in the non-pregnant rat uterus by the affin-
ity spectrum method were not influenced by the presence
of 10 uM GTP+S in the incubation medium, and we have
previously verified that competition curves constructed
with data for [Thr*,Gly’Joxytocin in D21 uterus
[*Hloxytocin labelled membranes did not differ in the
presence and absence of 10 wM GTP+vyS (unpublished
data). On the other hand, the affinity of antagonists is
believed, in general, not to be affected in the same way as
agonists by the state of the receptor (Kent et al., 1980),
although in our study we found the same trend for the
changing affinity of agonists and antagonists in the uterus
between D21 and D22 of gestation. An alternative hypoth-
esis could be that oxytocin and its analogs might have
bound in the D21 uterus to another receptor belonging to
the family of neurohypophysial hormone receptors, namely
the V,; receptor. It was recently revealed by RNA blot

analysis that V,; receptor mRNA is expressed not only in
the majority of pituitary corticotrophs but also in various
peripheral tissues including the uterus (Lolait et al., 1995).
However, the affinity of d(CH,)[Tyr(Me)*]vasopressin
for the V,g receptor is approximately 200 nM while we
found it was at least 10-fold less in uterine membranes,
rendering the presence of such a receptor in our prepara-
tions unlikely.

In conclusion, unlike in humans, the vasopressin recep-
tor that we identified in our contractility and binding study
on the rat uterus is different from the classical V,, recep-
tor of vascular tissue. We also found that the binding sites
for [*H]vasopressin and [*Hloxytocin on day 21 uterus
membranes do not resemble the classical oxytocin receptor
as described in the literature, suggesting that on day 21
vasopressin and oxytocin bind in the uterus to a receptor
that might be different from those currently characterized.
Likewise, another study group recently identified on a
pharmacological basis separate uterotonic oxytocin recep-
tors and decidual prostaglandin-releasing oxytocin recep-
tors in pregnant rats, favoring the idea of the presence of
distinct oxytocin receptor subtypes in the uterus (Chan et
al., 1993; Chen et al., 1994). Additional studies will be
necessary to clarify the precise molecular nature of these
receptors. The recent cloning of the rat oxytocin receptor
(Rozen et al., 1995; Adan et al., 1995) and the related rat
Via (Morel et al., 1992) and V,; receptors (Saito et al.,
1995; Lolait et al., 1995) allied to the detection in the
uterus of reverse-transcription polymerase chain reaction
products obtained with degenerate primers that could am-
plify their cDNAs, will be helpful in this respect, as has
been reported for the vascular-type vasopressin receptor
(Hirasawa et al., 1994),
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